ABSTRACT
Introduction
The correction of faults and shortenings bone remains a complex problem and difficult to solve [1] [2] [3] [4] [5] , it requires longterm treatment, multiple surgeries, high complication rates and functional outcomes questionable 1, 6, 7 .
Ilizarov in 1951 revolutionized the treatment of musculoskeletal disorders through the concept of distraction osteogenesis using circular external fixator [8] [9] [10] [11] . The technique uses biological and mechanical principles. After a corticotomy followed by slow and progressive distraction of the osteotomized bone segments, through a bone distractor generating a mechanical stress voltage at the fracture (osteotomy), which stimulates the formation of regenerated bone, and hence the growth of adjacent soft tissue, filling the space created by the osteotomy 8, 12 .
Theoretically, there is no limit to the bone stretches by the Ilizarov technique 4, 9, 10, 13 . However, one of the most limiting factors of this technique is the long-term required to consolidate the newly formed bone. This occurs mainly in large bone defects and shortening in that prolonged with the external fixator is associated with complications such as joint stiffness, subluxation or luxation, soft tissue contracture, infection, instability and loosening of the fixator pins or wires 9 .
The autologous cancellous bone of the bone marrow is considered the best material for bone graft, not only for its osteoinductive and osteogenic properties, but also because it is not immunogenic, do not transmit infectious diseases and have lower cost of production 14 .
Nevertheless, the large bone defects, the required amount of autologous bone or the donor area morbidity prevents and limits its use 15, 16 . Aiming to replace or assist the autologous bone graft substitutes were devised, such as graft heterologous and homologous bioceramics, whose use revealed complications such as rejection, instability and infections 17 .
Studies aiming to improve the biological characteristics of bone allografts are described in the literature 18, 19 . Among which is the enrichment of allograft with autologous bone marrow is rich in undifferentiated precursor cells osteoblasts 20 . Bone marrow stem cells have the potential to differentiate in cell lines involved in the repair of bone lesions. These cells play an important role in osteogenesis or phagocytosis, depending on the conditions of the medium 21 . However the use of autologous bone marrow is unable to fill large bone defects, and in those cases, associate it with grafts or bone substitutes 10 .
The treatment of large bone defects gained new strand at the end of last century and early this century, with the adjunctive use of stem cells obtained from bone marrow, growth factors plateletderived and bone morphogenetic proteins. These biological agents commonly are used in order to promote or accelerate the consolidation process or osteointegration, in association with bone grafts or substitutes, not as autologous grafts and bioceramics 19 .
The objective of this study was to analyse by histomorphometry the distraction osteogenesis by Ilizarov technique in dog radius using autologous stem cells in regenerated bone.
Methods
The project was approved by Ethics Committee on The groups were formed by the forearms dogs (radius), determining by lot, which, for each dog, the group I (control) was constituted by the right forearm and the left as group II.
Preoperative planning
Panoramic radiographs in anteroposterior and lateral animal's forearm were performed before the surgery to determine the extention of osteotomy of 20%, after the end of surgery and the every each seven day, for monitoring and to determine the total time of distraction osteogenesis (TTDO). It was assumed an elongation of 20% of the total length of the radius of each dog at the rate of 1 mm/day.
Anesthetic and surgical procedures
Anesthesia was induced with sodium pentobarbital (12.5 mg/kg body weight) intravenously, following general anesthesia conducted with ketamine hydrochloride (2.5 mg/kg body weight) and pancuronium bromide (0.1 mg/kg body weight 0.2 mg/kg body weight). The antibiotic prophylaxis was performed using the protocol of Rahal et al. 7 The assembly of Ilizarov apparatus was composed of four rings of stainless steel 100mm diameter, two on each end, connected by four threaded rods 
10
. Then there was a transverse osteotomy at the diaphysis of the radius and ulna 10 .
Postoperative procedures
After seven days was initiated elongation of the bones in the forearm rate of 1 mm/day, divided into 0.5 mm every 12 hours.
In the control group, the distraction was carried out continuously until the regenerated obtain a length of 20% of the total size of the radius. In the study group at the time at which the same completed 10% of the total length of the radius, i.e., 50 % elongation provided the animal was prepared for collection of bone marrow and subsequent inoculation of autologous stem cells (TIC) within the regenerated bone. After collecting part (regenerated bone), the compression was performed at the site of bone defect using the same fixator.
Stem cells procedures
This was removed after clinical and radiographic pseudarthrosis site created previously. The animals were donated to institutions for animals. were measured to assist in further histological evaluation 22 .
Histologic and morphometric procedures
The type of bone, osteoblastic activity and proliferation of connective tissue areas were analyzed in the histological sections by optical microscopy with x20, x40 and x100 magnification. To The evaluation of osteoblastic activity was performed by counting hypertrophic osteoblasts and hyperplastic osteoblasts (OHT) and total number of osteoblasts (OT), in 20 random fields with x100 magnification in slides stained with HE.
The osteoblastic activity was considered high when the sum of the percentage of OHP and OHT was greater than 50% of all osteoblasts sample; moderate activity, while the percentage of the sum of OHT and OHP was less than 50% and 10% greater; the low activity when the sum of the percentage of OHT and OHP
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Acta Cirúrgica Brasileira -Vol. 28 (8) The type of bone healing was similar in the control and study groups. In the control group, the type of endochondral ossification purely occurred in one (10%) radio, intramembranous ossification, also in 1 (10%) radio, and mixed ossification was seen in eight (80%) radius (Table 2, Figure 2 ).
In the study group, there was one (10%) radio with OI, one (10%) case with OE, and eight (80%) radios with mixed ossification, among which three (30%) had a prevalence of OI, three (30%), predominance of OE. In the other two (20%) radios, there was no predominance of one type of ossification on the other (p = 0.9999). The osteoblastic activity in all radios in the study group was distributed equally between moderate and high. In the control group, prevailed moderate osteoblastic activity, present in seven (70%) cases diagnosed as being high in one (10%) cases, and poor in two (20%) cases (Table 3, Figure 3 ). These differences in osteoblastic activity between the regenerated radius, control and study group were not significant (p = 0.9999). (1)
Stuart-Maxwell Test
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The percentage of the total area of the occupation in fields of histological tissue (bone and conective tussue) are described in Table 4 . Observation: (1) Stuart-Maxwell Test
In the control group, four radius, the percentage of occupation by bone and connective tissue, was greater than 90%, in four radius was in the range of 50% to 90%, in one (10%) if the occupation was lower 50% and at one (10%), less than 10%. In the study group, the occupation with bone and other connective tissues exceeded 50% in the ten radius, among which seven (70%)
were occupied by more than 90% of the analyzed area and in three (30%) radios, the occupation was between 50% and 90%. In a significance level of 5%, with no significant difference between groups (p = 0.705).
In the observational study of the fields with respect to the histological type of tissue proliferated, it was found that areas not filled by bone tissue were occupied by fibro-cartilage, bone marrow or gaps still remained. The fibrous tissue and cartilage predominated in central regenerated. Only in a radius (control group) was observed a central area with significant amount of granulomatous tissue, rich in fibroblasts. There was no microscopic field with tissues or cells that characterize the infectious process, neoplastic, or teratogenic formation of heterotopic tissue areas analyzed. In the present experiment, the type of consolidation was regenerated mixed (endochondral and intramembranous ossification) in 80% of radios in both the control group and the group study. There was no predominance of one type of ossification on the other (p = 0.9999).The endochondral finding ossification during distraction osteogenesis were assigned by Ilizarov 8 to the frame instability of the fixator. However the findings of endochondral ossification in this study were not attributed to this factor, because we followed the biomechanical criteria followed in other experiments, which used similar settings 2, 4, 6 .
Fink et al.
20
, after histomorphometric studies of the type of ossification of the regenerate bone in distraction osteogenesis by Ilizarov technique that underwent 24 dogs, concluded that the formations endochondral and intramembranous occurred at a ratio of 5:1, and not were due to adverse situations as instabilities Ilizarov fixator 19, 20 . Among the cases of mixed ossification, five cases occurred predominantly in one type of ossification, being three endochondral and two cases intramembranous. In the other three (30%) radios, there was no predominance of one type of ossification over the other.
The autologous adult stem cells obtained from bone
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Acta Cirúrgica Brasileira -Vol. 28 (8) 2013 -581 marrow have some advantages with respect to fetal stem cells, such as lower tumorogenecidade, technique of obtaining easier and less ethical problems 23 . This was confirmed in this experiment, since the regenerated bone in which the stem cells were introduced, there was no formation of heterotopic or neoplastic tissues.
Moreover, the absence of histological features of these radios infectious process suggests that the techniques used to obtain, in the preparation and inoculation of these stem cells in regenerated bone during distraction osteogenesis are relatively safe.
The use of stem cells in large bone lesions tends to be a promising technique, associated with the techniques of bone distraction with external fixation, with high cost / benefit ratio, and can thus be incorporated in the routine treatment of orthopedic injuries.
Conclusions
The histomorphometric indices expressing the microarchitecture (trabecular thickness, trabecular spacing and number of trabecular) and quantity of bone were significant in the group study. These data suggest that the use of undifferentiated stem cells autologous bone marrow induces osteogenesis and bone quality.
